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Parasitism distribution analysis of S. fayeri in the horse based on development of a rapid 
and simple method for the detection. 
 
Masato Furukawa 
 Sarcocystis fayeri (S. fayeri) is a recently discovered agent that causes foodborne 
diseases and is associated with the consumption of raw horse meat. The incidence of S. 
fayeri food poisoning has been steadily increasing in Japan since 2003. The incubation 
period of S. fayeri in food is short, and the main symptom of an infection is diarrhea. 
When outbreaks of food poisoning occur, it is necessary to investigate the causative 
agent. To accomplish this, notification methods are prescribed by the Ministry of Health, 
Labour and Welfare of Japan (MHLW) for the detection of S. fayeri. These methods 
involve a combination of microscopic observations and a PCR assay. However, a 
conventional PCR analysis is time-consuming, costly and complicated, and in a typical 
investigation, DNA must be sampled from more than three locations in a meat sample. 
Although the pathogenicity of S. fayeri has been examined, the distribution of the 
organism in the horse has not been elucidated. In addition, the location where the level 
of parasitism is high and the location where it is low remains unknown. One group 
developed a method based on whether raw horse meat of the same horse body resulted 
in the development of symptoms of the disease. However, this has not been confirmed 
in other groups. It is possible that parasitism is uneven, evenly distributed in the same 
horse. Given this possibility, clarifying the extent of the distribution of parasitism in a 
horse body, would greatly improve verifying the existence of an outbreak and managing 
the hygiene associated with the processing of horseflesh. We report herein on the 
development of a novel, validated, rapid and simple method using a 
lysosome-associated membrane protein (LAMP) and an analysis of the distribution of S. 
fayeri in horse meat. The results obtained in this study can be summarized as follows. 
 
1)  The development of a novel, validated, rapid and simple method for the detection   
  of S. fayeri. 
 We developed a new, rapid and simple testing method using LAMP, which takes only 1 
hour to perform and which does not involve the use of any expensive equipment or 
complicated techniques. For the validation of this method, an inter-laboratory study was 
performed among 5 institutes using 10 samples that had been infected with various 
concentrations of S. fayeri. The results of the inter-laboratory study demonstrated that 
our LAMP method could detect S. fayeri at concentrations greater than 104 copies/g. 
Thus, this new method could be useful in screening for S. fayeri as a routine sanitary 
control procedure. 
 
2)  The distribution of parasitism of S. fayeri in the horse. 
We examined body parts from 30 horses in an attempt to determine the distribution of 
parasitism. The parasitism of S. fayeri was not confirmed for six purely domestic horses, 
and S. fayeri parasitism was confirmed 24 of the horses that had been imported from 
foreign countries. The presence of S. fayeri was not confirmed in the mane, heart, liver 
and aorta from a purely domestic horse or from a foreign horse, but S. fayeri parasitism 
was confirmed although the distribution was uneven, in other parts. After performing a 
principal component analysis, and selecting a highly-concentrated parasitism part, the 
findings indicated that a Fin, Futaego, Bottom Round, Outside Skirt and Hanging 
Tender contained high concentrations of S. fayeri.  
 
3)  Possible utility of a simple testing protocol, using the LAMP method 
 Using the simple testing method, S. fayeri was not detected in a purely domestic horse 
at all, but in the horse of foreign origin, S. fayeri was detected in some parts and not in 
others. After comparing it with results provided by real-time PCR method, a difference 
was seen in the results for some specimens although, in more than half the cases, the 
results were in agreement with each other.  However, it was possible to identify the 
horse that was infected with S. fayeri by examining only one part that had been selected. 
In addition it was possible to distinguishe the horse that was not infected with S. fayeri 
when it was not detected in all of the three parts. From these findings, it was strongly 
suggested that the simple testing developed in this study could be very useful. ?
 
 In conclusion, we report on the development of a new, rapid and simple method for 
testing that uses LAMP, and a part of the horse that contained highly-concentrated 
parasitism. The presence of S. fayeri in an individual horse could be confirmed when 
samples from three different locations in the horse meat that included a 
highly-concentrated parasitism part were examined. It is thought that the methodology 
would be useful for obtaining and managing basic hygiene data that could contribute, 
not only to the improvement of, but also the development of laboratory procedures for 
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?????? 16, 17)????? S. fayeri?????????????? PCR??








?20 ? 0/9 0/9 3/9 9/9
?30 ? 0/9 2/9 6/9 8/9 9/9
?30 ??????? 0/9 5/9 9/9 9/9
?35 ? 0/9 5/9 8/9 9/9
?40 ? 0/9 0/9 7/9 9/9 9/9
?60 ? 2/9 8/9 8/9 9/9
?196 ??????? 9/9 9/9
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? 2?? LAMP????????????? 
 
? ???LAMP??????????????????S. fayeri???????
??? 18S rRNA????? (1,100 bp) ??????????????????
???????????????????????????? 
? ?? 18S rRNA????????????????????????????
?????????????????????????S. fayeri???????
15 kDa ???????????15 kDa ?????????????????
DNA?????????OptiGene?? LAMP Designer??? LAMP????




??????? ????????? ? ???? ??????????????
 
 
TGCC AGCACAGAAC TGTACTGTGC CCACGACCAC CTCCTCCTCA 
   F3 
CGTGCTGCAG ACACGTAGGT TACTGCGTGT GATGAGAAGT CATCCGTGGA 
         FIP 
GCAGAACACA GGAAGTAACA GGAACGGGAA GCCAGGAAGG TGGACTGATG 
       Loop F        FIP 
CGTTTTGTGA GTGTAGACGA ATCGTAGACT TTTGCGGTAG TGCTGATTTG 
             BIP 
TGTATGCAGT CACCACGCAA CAGTTTCCCC CCAGTGATAC CGTAAAACAA 
      Loop R       
GTGTGCTGTG GTCTACCCTG TTCATTCACC GGCTTCTTTT GA 
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DNA?? 20? 60? - 40?
??????? 30? 120? - 90?
???? 30? - 30?
????????? 50? 210? - 160?
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? ? ? ?????????????? 
??No. ??? ?? ???? ????? ???kg? ??
1 2012/6/11 ?? ??? 3 877 ??
2 2012/6/11 ?? ??? 3 1087 ??
3 2012/6/11 ??? ??? 6 955 ??
4 2012/6/25 ?? ??? 2 878 ??
5 2012/6/25 ??? ??? 3 990 ??
6 2012/6/25 ??? ??? 3 933 ??
7 2012/7/10 ?? ??? 3 997 ??
8 2012/7/10 ??? ??? 3 970 ??
9 2012/7/10 ??? ??? 2 914 ??
10 2012/7/10 ??? ??? 3 906 ??
11 2013/6/5 ?? ??? 2 897 ??
12 2013/6/5 ??? ??? 3 814 ??
13 2013/6/5 ??? ??? 3 769 ??
14 2013/6/19 ?? ??? 3 851 ??
15 2013/6/19 ??? ??? 2 885 ??
16 2013/6/19 ??? ??? 2 963 ??
17 2013/6/19 ??? ??? 2 966 ??
18 2013/7/10 ??? ??? 3 917 ??
19 2013/7/10 ??? ??? 3 1025 ??
20 2013/7/10 ??? ??? 3 911 ??
21 2014/1/15 ??? ??? 3 833 ??
22 2014/1/15 ??? ??? 3 895 ??
23 2014/1/15 ??? ??? 3 907 ??
24 2014/1/15 ??? ??? 3 888 ??
25 2014/1/16 ??? ??? 3 998 ??
26 2014/1/16 ??? ??? 3 974 ??
27 2014/1/16 ??? ??? 3 922 ??
28 2014/1/16 ??? ??? 3 820 ??
29 2014/1/17 ?? ??? 3 928 ??
30 2014/1/17 ?? ??? 5 1081 ??
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? 3?? ??????? S. fayeri????? 
 
3-1? ???? S. fayeri????? 
 
? ?????? S. fayeri??????????? PCR? S. fayeri? 18S rRNA?
????????????? Table 8?? Fig. 9??????????????
???????????????????????????????????
?????????????????????? 6.0?107 copies/g (No.5)???
? 2.2?104 copies/g (No.7)????????????????????????
?????????? 36)??????????????? S. fayeri??????
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1 1?10? 1?10? 
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No. ??? ??? (?) ??? (?) ??? (%)
1 ??? 30 13 43.33
2 ???? 30 0 0.00
3 ??? 30 22 73.33
4 ???? 30 22 73.33
5 ?? 30 22 73.33
6 ??? 30 21 70.00
7 ??? 30 21 70.00
8 ??? 30 23 76.67
9 ?? 30 24 80.00
10 ?? 30 20 66.67
11 ?? 30 23 76.67
12 ??? 30 23 76.67
13 ??? 30 21 70.00
14 ??? 30 23 76.67
15 ???? 30 23 76.67
16 ???? 30 23 76.67
17 ???? 30 23 76.67
18 ?? 30 0 0.00
19 ?? 30 0 0.00
20 ?? 30 0 0.00
21 ?? 30 20 66.67
24 
 











? ? ? ?? 1???????? 80%????????????????? 
































  ??? 0.617
  ??? 0.894
  ???? 0.966
  ?? 0.911
  ??? 0.926
  ??? 0.945
  ??? 0.886
  ?? 0.940
  ?? 0.846
  ?? 0.921
  ??? 0.929
  ??? 0.869
  ??? 0.960
  ???? 0.963
  ???? 0.957
  ???? 0.956







No. ??? ??1 ???? ???? ??? ??1×??? ??
1 ??? 0.617 13 24 0.54 0.3342 17
3 ??? 0.894 22 24 0.92 0.8195 12
4 ???? 0.966 22 24 0.92 0.8855 7
5 ?? 0.911 22 24 0.92 0.8351 10
6 ??? 0.926 21 24 0.88 0.8103 13
7 ??? 0.945 21 24 0.88 0.8269 11
8 ??? 0.886 23 24 0.96 0.8491 9
9 ?? 0.94 24 24 1.00 0.9400 1
10 ?? 0.846 20 24 0.83 0.7050 15
11 ?? 0.921 23 24 0.96 0.8826 8
12 ??? 0.929 23 24 0.96 0.8903 6
13 ??? 0.869 21 24 0.88 0.7604 14
14 ??? 0.96 23 24 0.96 0.9200 3
15 ???? 0.963 23 24 0.96 0.9229 2
16 ???? 0.957 23 24 0.96 0.9171 4
17 ???? 0.956 23 24 0.96 0.9162 5
21 ?? 0.823 20 24 0.83 0.6858 16
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????????? ???????? ????????? ??????
 
+?S. fayeri????-?S. fayeri???? 
1 - + -
2 - - -
3 + - -
4 - - -
5 + + +
6 + - +
7 + + +
8 + + +
9 - - +
10 + + -
11 - - -
12 + + +
13 + + +
14 - - -
15 + + +
16 + + +
17 + + +
18 + + +
19 + + +
20 + + -
21 + + +
22 + + +
23 + - +
24 + + +
25 + + +
26 + + +
27 - + +
28 + + -
29 - - -
30 - - -
??No. ?? ??? ??
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2-3? ?????? PCR???? S. fayeri????????? 
 
? ????????????????????? PCR??????????Table 
13?????????????1 g? 5?????????????10 g???
?????????????????????? PCR??????? 
? ????????? (No.2?4?11?14?29?30) ?????S. fayeri????
??????????????????????????????S. fayeri??
?????????????????????? 
? ???1 g ???????? 10 g ?????????????????No.7
????? No.27??????????1 g??????????S. fayeri??












????????? ?????? ??? ????
 
+?S. fayeri???? -?S. fayeri???? 
 
 
1g ?? 10g ?? 1g ?? 10g ?? 1g ?? 10g ??
1 + + + + + +
2 - - - - - -
3 + + + + + +
4 - - - - - -
5 + + + + + +
6 + + + + + +
7 + + + + - +
8 + + + + + +
9 + + + + + +
10 + + + + + +
11 - - - - - -
12 + + + + + +
13 + + + + + +
14 - - - - - -
15 + + + + + +
16 + + + + + +
17 + + + + + +
18 + + + + + +
19 + + + + + +
20 + + + + + +
21 + + + + + +
22 + + + + + +
23 + + + + + +
24 + + + + + +
25 + + + + + +
26 + + + + + +
27 + + - + + +
28 + + + + + +
29 - - - - - -
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????? 1g ?? 10g ??
3 - + +
9 - + +
23 - + +
27 + - +
???No.
????? 1g ?? 10g ??
1 - + +
7 + - +
10 - + +
20 - + +
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? ? 2????????????? 3??? S. fayeri?????????????
???????????????????????????????????
??????????????????? 
? ????????????????? 3 ????????????????
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? ??????????????????????????????????
?????S. fayeri?????????????S. fayeri??????? S. fayeri
????????????????????????????????????
S. fayeri???????????????? S. fayeri?????????????
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PCR????? SYB Green?? LAMP??????????????????

















? Sarcocystis-LAMP Kit????????2.0 mL??????? 300 mg???
???EasyPrep Reagent for LAMP (?? DNA???)? 300 ?L???????
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????????????? 95 ??10 ????????? 1 ???????
15,000 ?g? 5???????????? 100 ?L?????DW400 ?L?
???Template DNA ????LAMP ???????????? Pre Mix ??





1.5?Isothermal Master Mix? 15 ?L 
5?LAMP Primer Mix        5 ?L 
Template DNA              5 ?L 
Total                     25 ?L 
 
?LAMP????? 
????? 66 ? 
????? 30 ? 
 
???Isothermal Raito??????? 5-30???????????????
????????????????? 86.5 ? 2 ?????????????









? ???????????????????? 100 g?????????? 5?
??? 1?1?0.5 cm (? 1 g) ???????????????????????
??? 
 
2.? ????? DNA?? 
? ??????????????1.5 mL????? 300 mg????TE? 1 g
????????????????????1000?g????????????
? 200 ?L? DNA????????DNA??????QIAamp DNA Mini Kit
???????????? 48)???????????? AE Buffer ? 100 ?L
????Template DNA?????? 
 
3.? ?????? PCR? 









5.? S. fayeri??????????? 
? ??????????????Table 17?????????????????














? ???????? 100 g?????? 5???? 1?1?0.5 cm????300 mg
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